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(57)Abstract: 

PROBLEM TO BE SOLVED: To form lamination 
structure that is made of a flat Ill-family nitride 
semiconductor crystal with improved crystallizability on 
an Si single crystal substrate by specifying the content 
of the oxide of gallium of an oxide buffer with n-type 
conductivity that is formed in contact with the Si single 
crystal substrate. 

SOLUTION: An oxide buffer layer 102 contains the oxide 
of gallium Ga larger than 50 wt.%. More specifically, the 
oxide buffer layer 102 is composed by the mixture of 
Ga203, for example, containing 50 wt.% Ga203 or larger 
and indium oxide In203. Also, the oxide buffer layer 102 
is composed by an oxide layer with n-type conductivity. 
Also, Si single crystal with n-type conductivity is used 
for an Si single crystal substrate 101 corresponding to 
the n-type oxide buffer layer 102. As a result, lamination 
structure that is made of III- family nitride 
semiconductor crystal with a flat surface and improved 
crystallizability can be grown on the buffer layer 102. 
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(57) imm 

[MM] s i ¥*A*«±miFffl-eiB*tt©«;h,fc i i 

mvk^m nMnmmitztr-rz s i itMsssisi:, 

fci i i *»i:«*t»#:«ift b 4 zmmmm t & jut 
"t*5 i i i sia^^»%*^(-*3^r, sfriE^» 

(Ga) <DmVfo*S 0mS%J:(5#<^-tr. n^<D»!J 
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; 

[4$fFft#o«5ffl] 

n»©*«ttirt5i* (s i) mm& 
fc, #y*^ (Ga) (omm&s om*%£*>g><<$ 

WKfc-TS I I I 

r ^ s:#»t t5«*« i ^Et<o i i immtvo 

[»#qi3] ItfriSKte^aSfJS^ (j3) MAS! 

^H^fb^y^A (i3-Ga 2 03) ^5 0fi%j;!)# 

I «5»b«*SW*»3t3||^ Q 

[0 0 0 1] 

[jsw^jR-rsaw^ffiF] i*(si) m& 20 

«r*j3tLTfWlLfcI I I KSlYb«l¥«fMB3fe3R-T-(c«K 
[0002] 

[«*0>SEHfi (n) *«/«5c#£-t-s 1 1 1 mm 

ffl©«*^-f K (LED) If— K 50 

(LD) *^<D«** : ? : ^^v^6>tt•c^^So ±12 

x a g o n a 

1) ^(D^^r^r (AuoaMa) ^mtmm (s 

[0 0 0 3] ^tt^#L»ifit?tt, S i ^SSS«»cjg 
ricLfcl I I 

5 0 s i mj£f H &2ffild^5cote, *V^>K (d 40 
i a m o n d ) «jS<o*Sfifl|5tSr«-j-5 S i 
«£-«xtf, (l) [Oil] j|M^A^0§gHI&|HJffl 
UTfflM*^ \cfi)g,\zm,WrX$Z>, (2) v 

S«Ji*mte£^1-5fctf>, t-^s/^ (Ohmi c) 

[0 0 0 4] L^L, S imm&tMx.& I I Ittttfb 
fe^*frOt>i:or*fc5^/U^fi2: (wu r t z i t e) 
3!0>*#fi£ffc#y »>A (GaN) t©»f3tjRoiJl 50 
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<Dfc£>. S i *jBfi*«±^B:SgG a NC0 J; 9 * I I I 
[0 0 0 5] ^(Dtztb, S i »«SSfi±IC«|fit* 

s^^tsr/^^^^i. (a 1 n) frt>tez>mtim^bti 

X^1tm*i1bZ> (W1 0-2 4 2 5 8 6) 0 ^<D'& 

M&mxft, a 1 Nmmm^s 4 oxzx-te&ztix^ 

*i<^A 1 Na«Jl&*cKLfc£ :5T% Ka««±K 

iitfci i i mmkm*mm&&m<n&w<Dw-m& 

[0 0 0 6] Sfc»J©tt3feaHfi: It, S i 

0 (l l l) *ffil£flfc{fc;T/i^ = *A (A l A s ) S^: 
tt^y^A (GaAs) i^l^tSiU £ <bfC 
SAlAsItGaAslSrSffcU, AlO.fH 
^ag»ZWy^ (a-Ga 2 03) /I £ 

aN (o-GaN) JBa**«^£ S £ ^ 5 
(Appl. Phys. Lett. , 73 (11) (1 
998) s 1 5 5 3-1 5 5 51) „ L*>U *BD#5p 

SS^®±|d^i6 A lAsliGaAsit SrSfe-OIB 
/■L, Sbl-RAlAsiiGaAsl L 
A 1 OxSi:t©±©ofiiI©Z»ft^y !>A 
(a-Ga 2 03) *^^b^Sa«S^^*f-5tV>o 

[0 0 0 7] 

i¥«fi*«±fc»j*^5fcfcK:Hu fiH:^ (As) 
CM I I -V«fb^«J^«cS*-SS ii^aiSJ: 

M±£»L, JEte-tftSrBtfbLT s i ^ B B B g>K±ic®tfb 
GaNl©J:54i I iMfbfe^M^i^ai^ 
[000 8] *J6Wii, wO|i63l5ft«©raH^tc:«^Lj« 

«*ic»fia-e#s«f«**a©a«»s:^LT, s 

1 ¥^*s«±f-5pffl"Ctt*ttco«nfe i i i mmtto 
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[0 0 0 9] 

(Dmm,&&#-tzmm (s i) viiss^. »**± 

MWIICMSMI i i 
bs i *«*s»c*LT**sn^ #y*A (g 

a) <08Mb»*:5 0lt%J: 9#K^tf\ n^^^Stt 

[0010] *^*»«r±, -bBcoawsas, atrieaftffc: 
•»«Ji±jc»riiSixfc i i i J£^b*¥«#a>e>&5 
ft 2 osgarJiSr^t-s r t ZteMt-tZo 

[0 0 11] S&lcttWlHu ±B0lMb4MMF/ia*. 
(0) SSS<D£»ft^y^^ (3-Ga 2 0 3 ) 

[0 0 12] 

[»WoHJ£o»«8] S i ¥gfilfi±(c^ 

fc. #y*A (Ga) <Dm4tV0%5 0li%J: «9^<^ 

temt-tZo Ga©»ft*|:i4, -MCGazO (ga 
1 1 ium suboxide) N GaO (gal 1 i 
u m oxide) ^G az03 (ga 1 1 ium se 
s q u i o x i d e) tfhZ> ( L . A. SHE K Aftil 
I , " THE CHEMISTRY OF GALLI 
UM" (ELSEVIER Pub. Co. , 196 
6) , 2 9~3 6H#J$) o IDCG a203-tr^ s 

SMI^bai (a-Gaz03) , ]3l (j3-Ga 2 
Oa) , yI (7-Ga 2 03) \ 8m (5-Ga 
2O3) , RX*eM (f-Ga203) ^SjdSfcSo 
*£*«£»«i-5;tfy *^©IMfc»3ftS. GaOKaz 

(lattice constant) 
tlhb, Xj»lH]#r^«ffe (X- ray diffract 
ionanalysis) * iffC J; t> 

[0 0 13] ^^©^bfeSWBfi, #y (G 

a) (omitvo&s omm%x } o^<^h<ot-r^> 0 -r 
^t>-h^m<Dmtmmmm\^ Ga 203^5 
om*L%&mz-x$t*, G*zoztmM^w& (i 

n 2 03) %1t, Ga« 

$5^5 0ii%J: tJ^K^tfG 3203 irSfW/l/v'^ 
(CaO) <t<D«^fM^fc»J*^#5 0 -LIEtf>Ga<D 

tf, MJ^^y)i. (tr i-methoxy 
gallium: (H3CO) aGa) 
fttMfgJtffl (CVD) Sfcfb 
# y * A»fl:Sr^^*OXLfc^ — ^ 5/ h (targe 
t) i: Lfc^^s/^y ^^fe*if(0»aW*i«ffi^J:o 
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[0 0 14] «%KOtt{b»ttM». njg60i» 

i IJMSiKRl-ll, n»^*«ttSr*-rs S i 1* 
SaSrttffl-fS. n«©Si*iBftSfil:it T>^-e- 
70 > (Sb) ^^yv (P) 4if©n»T«ft^«MlD* 
tifcSb K— T^VMiP K-/(OS i **t*ftirisfltffl 
-C#5. S i *if 0 SS<Z)ffi*fif^ (0 0 1) 

(ill) *iR]*>Svsi±E^lp]^e>^7ft*Wt-S<) 
oSrfflv>5:i:m5o s i *siefiS«©ffi*ffi^fir 

[0 0 15] ««nonfl:ttflMrJI«>JIJ*». Knm^ 
S i - 

mmZs 1 0 nmJ^±l fi m£XT<D&£ k-f-Z><Di)m~£ 

uv s i *«ft*«Ji^§8{kr 

/u^-^A (A in) ^f,458*S^tmic 

^txfe^CD^^o^ (W5B¥ 1 0-24 2 5 8 6) a U 
±B©**W0>««IJ:fctt* »ffi*«5|ZS"«S» 

[0016] &ttftw<D&ffimte. ±m<Dffltmmffi 

-KAlxGarlni-x-yN (O^X^l, 0^ 

y^i. o^x+ysd -c^sns i 1 immtvo* 

«t^±^»j«i-s i 1 1 ^^b^^*^ B B B 

[0017] m^mm@<D±{c i i i mmtm^mfc 
frhtez m<t^)mmm(o±\z , GaN^b^$2^i 

«S^J*Lfcfc<D^(f e>n5o y-Ga 2 03 
(A IN) ^6*2 Ott«Ji*:»*i-609fc*)S. 

50 ttfb«aMVJi&ff2 0iMfj|j:a. ^iicoi 1 imizm 
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[0018] m2oomffim*mj&-rz> i i immt*>* 

8Mm, (MOCVD) 
Hanf^^^r^ (MB E ) (VPE) 
TfiK*-^#5o l!E©MOCVDfc MBEfe VPE 

a««*/SMW-Sfc*fc:ttU ±15<amtej£«ftlc#ii L 
T\ J#;fi?fi&Sr3 5 Ot-5 5 oic^-r^o^#^L 
V\, j#fi*&SS:3 5 0t-5 5 O'C^-r^r ^tcj; 9, 

t&-?£z> 0 •£tzm2<DmmmcDmmtisXte, 2 nm 

2 0 0 nm<Z>j6H£-t" 5 0^1t*fc6o ^ 2 0>« 

a*(Si),*(Sn) I V&tgSS. 5gL<tt: 

«EjK (S) -^-tru-> (Se) ftif^JRV I «7c*^fea 

[ooi9]-s e>td*«wtt, ±Koaft*a«»as* 

^ (j3) ^ H IOHgWy)A (0-Ga 2 O3) 20 
£5 0M%«fc r fc*«#*bv\ rttttfl- 

GazOs^, GaO^Ga2 0$)^itMia-Ga2 03^ 
CO /3 -G azOsWG a2 03(Cit-<T > *iiS.-e©gcS 

ftsaitiojjtftiuttt, — j»m ioo oic*^!** 

t*»i:ii5«tttWLT^5. — Ga 2 Ote 
^)7 0 0tt^S?U *ta-Ga2O3H»3 0 0t- 
^J6 0 Ott^ - Ga203l:flt6^^ /3-Ga2 

«t*«rtl3ft**>5. tfcoT, ]3-Ga2O3^50lf%J: 

«9#<*tpiwb*aw««r«ifiK-rn«, i i immtm 

[0 0 2 0] i3-Ga203^:5 0iS%J: t 9^<^tr^ 

immmmm^m^e o otH±i«3it5£*^ 

fc^o «*ri, * h**> (me t h o x y) 5 
tttG afb^^^tSC VDtt-CK{b4(fttmtr 40 

ftS«li:ito-G a203^±tC^"f 6„ 4 0 

Ot-5 0 OtiSflf^aff-Cli, y-Ga2 03^^iCjg 
/&£*l£ e TX/P-y (a s - g r o wn) «|fiO» 

vcmwmm *k & - g a 2 o 3 -e i* & < m x. wr a - g a 2 

t)6 0 0t^±, #£L<tel 0 0 O^itcADf^-r^ 
w^t-J:^, 0-Ga2O3&5 0fiS:%ct 9 

[0021] **w^a*ji±jctt, aws^jsRftfas 50 
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.fc<9 I I 

?MKH0ailFJl0rtffalM1ft£tt, * 

t>36L£;t*i\^ ^^)±{:Mt5 I I l»£{b** 

statu 1 immm^mm^htezmm 

[0 0 2 2] III 8§afls*¥8Mm* -j&lCA 1 xG 
avIni-x-YN (O^X^l, O^Y^l, 0^X + Y 

-ess**, a. mmswnmm^v 

I I I mM{tVa¥mtt. -tftt>h-m#,A 1 xG av I n 
i-x-YNaMi-a (OSX^l, O^Y^l, 0^X + Y 
£1, MttS*«^*V»55c*S:*U, 0<a^l) 

rfctftti**. «*tf. S i#3fti«S±l:»LTGa 
^fbtl^5 0lt% < t^<^ n «r * 

-tZ>mikV0Mffim*Mj$,l^ t^nfGaNl^rT 
»^7yKi, n&^ktfV • (Gav 
Ini-vN: O^Y^l) g£3§ft/i, p » A lxGa 

i-xn (o<x^d m&±u?7*y h*mt LT^i 

£>tc N S i ¥SSS«^aEffi^«IS«5t6D^®(c^- 
(Ohmi c) ««*R#*U;£LED^LD*0> 

i i i«aft:**#flc«3t**^«rt-e#5. 

[0 0 2 3] 

mmm] mmmi) zxt, led 
*nnm 1 l e D^«aesr^-t-wfffi«s;ia-efc 

[0 0 2 4] *||JS«|10LEDtt, Sim^EfaStSl 
0 l ±(ca«S 1 0 2 Sr^ LT«g^3t 1 0 6 &Mf£ L 

v-^y^^^^NiL (ooi) i^tt^ry^y (s 
b) SrK-^Lfcn^s i*gfiSSi0l^±|c8 

itmmmm 1 o 2 *:»«u ^^-bt- 1 1 1 mmtm* 
mftm£kfrt>*z>mmm&i 0 e^i 1 0 3, 10 

4, 1 0 S^aSLT^Lfct^-Cfe^o -bfE^^t: 0 
[0 0 2 5] Si W&M*m& 10 1$:, MOCVDftC 

J: 5an»^*tc:fflv^6— jRW*MO cvDSJtK^C 

9 5#«%<DT/l^V (Ar) 5 
(DK* (O2) t©»^^645#i«*T?6 5 0 
"CtcADfRLfco 8X10- 5 mol/^ft3t 
h y ^ h^rv^y ( (HsCO) 3G a) <K>M 

10nmtt5aS = »k#y^ (a-GazOa) 

&«5RfUKam 1 0 2 * S i 10UC 
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MIC, (H3CO) 3Ga^>««**rBI-^K3eu ±12 

fc w— ©ftft-eiitaaw s i mm±^m o . 8 ^ m t m 

<MU:a-G a2 03J&>fcfc*»fl:«jJill, ii3tc£>* 
-^(Hall) a*»J^»^«ntf n^O*«ttS:*r 
u y 7a$li«] 1 0 17 - 1 0 18 c m- 3 t$>o 

fclS{b«»tt, a - G a 2 03 lr 7 5 11%^± ^ tf t) ^ 

[0026] mmmmm i o 2om»7«, 

0 1 ODMfliSr 1 0 5 OtClILfco #ifiifiKtt»8 0 

usw*i:U r^^r (NHa) &2*ir»£L"T\ ii 

«co«-JEMOCVDfe(ciJ: t), SiSrK— ^L^n?g(0 
GaN^45T»^7y K» 1 0 3*J««Lfc. TS& 
^7* KIl 0 3 <£>Jf 3 Azmi: U ^yrit 
(i|j3Xl0 18 cm-^ bfc e ttfcttttffijl 10 2±C 
LfcTSB^ 7 y KJB 1 0 3 ©*ffitt¥aT?aliBMtlC 

[0 0 2 7] TSP^ 7 S> KJB 1 0 3 mm 1 0 

1 cnum* 8 8 o rtcTtf , TM? 75/KH03 _ble: 

>WU* (I n) jfij5£Jfc£0. 17tt5n 
Jf^Gao.83 I no.nNllrMIl 04tlt»EMO 
CVDMilf; 0 »ftil0 4IJn«t^t!)r* 
Ste«J7 X l 0 18 cm-3lC|fc5£.U MSr»9nmtt 
fc 0 SSftJl 10 4tt, «HC, (matrix p 

hase) t^temtte^>i?VJ±mj&&*ftm-tZ>fti 

(sub-phase) t*bi&.z&nmm<oitS£t*m 

*t7t 0 l 0 4 ©j&ftflL S« 1 o 1 GD?fig£ 1 0 

5 OtCML, Mil 0 4 £ £>S^*ffi 1 04at^ 
T/U^^^i^ (Al) fflfifcjfc (X) ^0. 20tl)^ 
*®^<D A lfi^JfctfO If^lOOnmtf 
5^n->W (Mg) K — ~?<D p ff^A 1 x G a t-x Njfp 
£> 3&3fe«l 0 4 _b(ci=i ^ Ym*m*Z>±M?7y 
Kil0 5tLtMLfc. ±IEOi:9(cLT, ±I5<D 
nMTUtJy KSl 0 3, n^tiM(013til. 

0 4, Xtf±SJ* 7 * KB 1 0 5 £ 545p ng^i(D 
?^to (DH) S^*g«Si^Sif;LED 

[0 0 2 8] ^*SP*«^i-5WS«ig 1 0 6 <D&mtii 

1 1 0 3, 1 0 4, 1 0 5tt, Wixt*ffi«ffijcfliixJ. 

O3pffitt^*53l$ftttoav^l I I iltt^^gfa 

a*&ft*f-5r&asffl*fc 0 g£{t4fca*/i 1 o 2 
£TSB^7 7 KS 1 0 3 t^Wlctt, SHtfc if 

[0 0 2 9] LEDte, ±f£^J;9fCLTtf^L/c^t: 0 
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fi*is*/V$=cs^<DS i SMSdiSSl 0 1 GOSffit A 1 
»j*<04gffi£:#i-5A 1 x G a 1 -x Nri><bfc5±Sfl* 7 ^ 

1 0 5 <D&mc^ zti^ti n ^ y^mmio 

8*5J:i;pIt-^^lgi0 7?rMU ^<£>&9S§ 
*lc:#«LTfE«Lfc 0 p«*5j:l*n»;i— 5 y^mm 

1 0 7, 1 0 811 ^tldAU^»SLt e 

[0 0 3 0] ±fS<DJ; 5(-LT#btL^LED(^p^4o 
J;i;nlt-v^lii0 7, 1 0 8OF B l(:Ji*f6]|c 

2 0mA<7}»f£a^£fttLT, L E D4r3g}t£^fc: 0 L 
&J1 5nmi:t5^ h^*r**r5**fe05S3t^« 

[0031] mmm 2 ) ^hjs^j 2 -m, mtvo»m 
ji^K»fkft«»ji±^^stL^ 1 1 immtte^m 

[0032] *mmm2\£mt>zvEvm<D=-v**is 

y>- (P) SrK-rLfcn»© (0 0 1) ®^^fi->5S 
i $M£iSIiS*l 0 l_htC, 4 8 0tt±lC#feS^bS 

5gKfc;4fcg*Ji i o 2 £±g«Lfc 0 SfbMttWI i o 2 
lis E.miktfWJ* (Ga203) 

temictittii^ mmmmm 1 o 2<D^tz^m^wma 

y-Ga203ffe^ -e^Wj^lt^WSfiit^JCLTj^ 

io 8 o%T-$>ofc 0 mikvommm 1 o 2^1^11, ^<om a 

-G a 2 03-^ 5 -G a2 03 0ff«EdS»*bnjto BMbtt 
Ilil 0 2(^jgi?(i, «)1 8 nmi: Lfc e ^^c, »ft: 

mwrnm i o 2 n n m<Dmm&&^ \^tz 0 
[0033] mtmmmmi 0 21^1, wns< 4 8 0 

°CX\ h !) * T/Utf D ? J* ( (CHs) 3Ga) , hV* 
^7/U^[>A ( (CHs) 3A1) %lTIT>-^=-T 
(NH3) *JSi|B|-ti-5--*W**iEMOCVDiSfCj: 

^•^ry^i. (Aio.1Gao.9N) a»e>*ss&2<oa» 

^ 1109 ^r«S ^^fc D 1R 2 (DWI 10 9ft 

£#SWa>&&S«i6*#U Sff«iKjl 5 nmT'^o 
fc. 

[0034] ^2 <^a^s 109 _hfcd mmm itm 

fi«5fO^Sl 0 4, ^^±35^7 5/ KIl 0 5^5> 

091 tmCnMT$U?7v KSl 0 3, n 

«Sl 0 4, ^t>*_b§|5^7^ Kg 1 0 5a>e>fc33B 

3t 35 £: 5 L E D m <0 3i tT ^ > ^ / V v~ y n 1£ f^ffii ^ 
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7, 10 8MU 3i^(C#giLTLED£fEj»L 
tz 0 ±m<DX 9l-LTf£$!}LfcLEDiC2 OmAOjll^- 

[0 0 3 5] (^^) *^5£#J3T^ 0-Ga2 

o 3 z 5 o fift% j: 9 # < ^tfie{fe:fes*s ^r^tf mm w 

KR0H-* o *SIJfi«l3|c:fl6t>5LED(7>*3ictt, HI 2 
tc^-TLEDi:!^— LfCo 
[0 0 3 6] *^lM3(^b5LED^ ElTO^ffl 

T?f^3Bib/sio sb^K^itn^ (ooi) 
«si hmsa&k i o i <omm±^ u ]) vi*mtm 

0 0tta-Ga2O3$:i<t:^t5^i^ii«L 20 

[oo3 7] 3*3^, ±K<D»fcmm&Mi&vtzm« 

Tfr*> (At) »*T*1 10 0tt*2 0^fW 

j-Ga203tjg»u, *mm\c&t>z>«timmffim 

10 2S:**U, »ft»««il0 2^iS-Ga2 

It, a-G 3203^^5^ A/^-CfcofCo a-Ga203$: 
*PSRLTi8-Ga2 03tc3Effi*-tirr, 0-Ga 2 O3£:5 

0SS%J;'9#<^tpK{fc:#i®«Si o 2**fifcLfc. j<? 

o. iGao.9N^b45S2^)««il 0 9 £ 
[0 0 3 8] ±IEOjg 2 cO^»S 1 0 9 _h(C, 

0 6^11 0 3, 1 0 4, 1 0 5l*fprjh,fc*ffi£>3|Z 



WBB 2000-349336 
70 

[0 0 3 9] flfc^T, ifE^^T^^^fc^t^^v- 

ED£fE§!{L^ 0 3|c3a6«3-ef^»UfcLED^, 20 

7 2 nm^ftofc,, 

rtMifffl -G a203©*fl:^6*«Snt 
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